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INTRODUCTION 

Widespread sihace observations, taken at the same to be conveniontIy lifted by t,he b:~lloon. In t.he case of 
hour, have long been the basis of synoptic meteorology. a radio pilot-balloon, the radio tra.nsmitt.er is excited 
Modern met,liods of weather analysis and forecasting either int,ermittently or continuously during tlie ascent, 
re uire, in addition, synoptic data on the estent,, motion, while bearings are ta.ken on it by one or niore direc.tionn1 
an 8 characteristics of air masses within which and be- radio receivers on the ground. In  t.he case of the riidio 
tween which the weather takes place. If a complete sounding-bnlloon, the meteorogrn.ph continuously indi- 
synoptic picture is desired, vertical soundings up to cating p, t ,  and f as the balloon ascends is cnused so 
4 or 5 kilometers must be made twice daily, or oftener, t,o vary some element of the radlo transmission, or to 
a t  stations separated by not more than a few hundred interrupt t,he transmission in such 11. way, that nearly 
miles; a t  each station the desired data include the simultaneous records of p ,  t ,  and f during the ascerlt 
direction and velocity of upper a.ir winds, and the vertical are c.onveped to a receiver on the ground. A raclio 
distribution of pressure ( p ) ,  temperature ( t ) ,  and relative sounding-balloon can also serve siinuitaneousiy as a 
humidity (f). In  some synoptic situations, and in many radio pilot-balloon. 
research problems, it m?y be desirable to estend obserra- 

For determining these upper air data, three methods 
of sounding are in wide present use: 

tioiis far above the 5-kilometer level.2 OBJECTS OF PAPER 

The objects of tllis pn,per are: 
(a )  To review briefly the historical development of radio 

( b )  To inquire into possibilities of improving the present 

(c) TO evnluate radio ba,lloons in terms of their probable 

(a)  Free pilot-balloon observed by one or more theodolite 
stat,ions on the ground; for determining the direction and velocity 
of upper air winds. 

( h j  Airplane carrying a recording meteorograph which is ret,urned 
to the surface station with p ,  t ,  and f-dat,a taken during the sound- 
ing. Data are evaluated within an hour or two after they are 
observed. 

may be reclaimed after the sounding is macle. Dat,a may be 
evaluated hours or days after they are observed, or may be lost Standard nieteorograph. -The standard three-element 
entirely. meteorograph, recording p ,  t ,  and f as simultaneous ordi- 

These present sounding methods have definite limita- nates against time as abcissa, was available in completed 
tions. Complete pilot-balloon observations require clear form before research 011 the radiorrieteorograpli began. It,s 
weather and good visibility. Sounding balloons, while basic eleinents are shown in figure 1. C is a cylinder 
independent of weather, are slow and unreliable. I n  revolved a t  a suitable rate by clockwork; p is the pressure 
levels below 5 kilometers airplane sounding, being inore arm, activated through suihble. levers by e,ithe,r a syphon 
rapid and far more certain, is usually preferable to bal- vacuum chamber or a Bourdon vnciium tube; t is the 
loon sounding. But the airplane cannot operate safely teinperature arm, activated by a bimetallic strip; f is 
in unfavorable weather, when soundings are most the relative humiditmy arm, activated by a multiple strand 
urgently needed; and above 5 kilometers, which is a of human hairs. One or more elements of the standard 
practical ceiling for ordinary airplanes, free balloons meteorograph have been included in every radio-sounding 
are necessarily used. balloon. 

Within recent years the appiication of radio teclinigue Radio design. -Balloon. radiometeorograpliy became 
to meteorological balloons has developed new soundlng fully practicable when small, efficient, short-wave trms- 
methods which may largely transcend the limitations mitters were developed in tlie radio fielcl. Thereafter, 
indicated above. In fair weather or foul, radio trans- radio design by the various investigators in telemeteoro- 
mission can convey instantiy to the siirface observing grnphy proceeded along similar and conventional lines. 
station either the balloon's position, or the air character- The niost efficient generator of stable electric oscillations, 
istics being encountered a t  any moment. during its and hence of receivable radio waves, is a single triode 
ascent, or both. In practice either the simple pilot- electronic tube connected to suitable external induc- 
balloon or the meteorograph-equipped .sounding balloon tance and capacitance, with or without electro-mechanical 
is combined with a small radio transmitter light enough (crystal) stabilization of frequency. 

pilot balloons and radio souncling balloons. 

state of balloon radionleteorograPl1Y. 

future usefulness. 

Data are evaluat,ed as they are observed. 

(c) Free sounding-balloon with recording met,eorograph, which HISTORICAL 

I Presented as a thesis at Californla Institute of Technology for the degree of Master of Science. 
a Important military applications of radiometeorography am the determination ofballistic wind and ballistic, density for artillery use. 
I The writer's thank3 are due C. F. Talman, Librarian of the U.8. Weather BureauJor several of the references mcluded. 
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Figure 2 shows the IIartley self-stabilized oscillat or 
circuit, which has been used by many radiometeorograph 
iiivestigators. (As will be pointed out later in this paper, 
better self-stabilized oscillator circuits are available, and 
should be investigated.) In  figure 2, T is the elect,ronic 
tube, L, and L3 are inductances, C,, C,, and C3 are capnci- 
tances; R is a resistance. Frequency and output are 

FIGURE 1 .-Standard meteorograph principle. 

cleterinined by C, (usually variable) and L,. At low-plate 
vo1t:iges the R-C3 coinbination niay be omitted, the grid 
being operctted a t  zero bias. All these circuit parts, coni- 
prising the actual transmitter, need weigh no inore than 
100 grams. The battery A,  delivering between 0.1 nntl 
0.3 ampere of current a t  1 to 4.5 volts, weighs 50 to 300 

A B 

4 

FIGUBE 2.-Self-stabilized oscillator circuit. 

grams. The battery B, delivering a few milliamperes of 
current at  25 to 150 volts, weighs 100 to 1,000 grams. 
It is possible to replace the relatively heavy B battery 
required for higher plate voltages with a small buzzer- 
transformer, weighing less than 200 grams and driven by 
the A battery. 

Figure 3 shows a suitable crystal-stabilized oscillator 
circuit, wliicli lias been used by some investigators on 
account of its superior frequency stability. Here the 
frequency is determined by the dimensions of the crystal 
X, and the output is cleterminecl by C, m d  L,. Both 
L3 and R may be used, or either alone. Batteries (not 
shown) tire the same as in figure 2. 

In order that appreciable amounts of radio-frequency 
energy niay be radiated toward the receiver, the oscillator 
is suitably coupled to an antenna, which niay be a single 
wire one-half wave-length long, with the entire trans- 
mitter suspended at  its center. Antenna weight is less 
than 100 grains. Wave lengths so far used for radio 
souncling-ballooris have ranged from 20 to 150 meters 
(1 5,000 to 2,000 Idocycles). 

Bey i i i  11 i ng qf f elemeteorograph y .-Ou ts t anding among 
the pioneers of teleiiieteorography wits Olland (A) , a 
Dutch instrunient maker. About 1875 he invented a 
system for the electrical indication of one or niore meteoro- 
1ogic:d elements. The same principle is used today in 
modern radiometeorogruphy (fig. 7). It embodies: (a)  
indicatin~ arms, arranged on a coniiiion center, which 
nioT e mdi:tlly in response to nie teorologicnl chmges, one 
indicating arm serving for each meteorologicd element,; 
(b) fised reference niarlrs on a circle, between (or in some 
definite relation to) the iudicating arms and their limits 

I T I 

FIGURS 3 --Crystal-stabilized oscdlntor cutuit 

of movement; ( c )  8 revolving contact m n ,  pivoted con- 
centricnlly with the indicating ar~iiq, and making elec- 
trical contact with them and with the fixed reference 
marks in turn during its clockwork-driven progress 
around the circle. 

C’ontempormeous with Olland mas Van Rysselberglie 
of Belgium, who developed teleiiieteorogriiplric apparatus 
which was widely used. 

About 1917 Herath and Robitzscli applied the older 
nietliods of teleiiicleorography to aerology. Their appa- 
ratus gave temperature or pressure indicption from a kite 
by means of alternating current in the kite wire. 

Radio pilot-balloon.-About 192 1 Herath in Germany 
began experimentation with radio pilot-biilloons. Thc 
balloon carried a battery-driven buzzer oscillation cir- 
cuit which was in effect a miniature spark transmitter. 
This oscillation system has many disadvantages, chief 
among w-hich is that the radiated energy, being spread 
over a broad spectrum, gives only a faint signal in 
the narrow frequency band covered by the receiver. 
Herath’s apparatus was not very satisfactory in either 
range or accuracy. 

About 1923 W. R. Blair (6) (Signal Corps, United 
States Army) began work with radio pilot-balloons. 
The initial development included a small buzzer trans- 
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mitter, weighing less than a pound, which could be 
tracked for 20 minutes to a height of about 3.5 kilometers. 

About 1927 Idrac nnd Bureau (1) of France sent up an 
unmnnned balloon equipped with a small continuous- 
wave (electron tube) transmitter. The total apparatus 
weight wns 2.7 kilograms. Signals on 42 meters were 
heard during the entire sounding, which extended up 
into the stratosphere. 

About 1928 tlie Signal Corps, United States Brmy (6) 
developed an elect,ron-tube t,rsnsmitter for pilo t-ba.lloons, 
which weighed less t,lian 0.5 kilogrmi coniplet,e with 
batteries and antenna. The relatively lienvy B battery 
was eliminated in favor of a buzzer-tri:iisformer w1iic.h 
weig1ie.d about 300 grams. Many tests were carried out 
on wave lengths near 125 meters, including .~ct,unl truck- 
ing of the balloon by means of specially developed tlirec- 
tion-finding receivers on the ground, the radio bearings 
being chec,ked by theodolite observations. The bdloon 
could easily be followed, with useful azimuth renclings, 
to more thnn 15 kilometers distance froni tlie ground 
stations. Within S kilomebers distance, t8he radio bear- 
ings were accurnte to h 0 . 5  degree. 

Radio .so~~nding-balZoo.ns. -About 1934 Blnir (6), in the 
course of researches inentioncd n.bove, did some esperi- 
mental work with temperat'ure indic.a.tion from n radio 
pilo t-balloon. 

Between the years 1935 and 1933 mseurch in rndionie- 
teorograpliy was carried forward chiefly by tlie investi- 
gations of R. Bureau (3) in France, P. Duckert (4), (9), 
(ll), in Gerninny, and P. hloltchanoff (2), (5), (7), in 
Russia and Germany, who worlied conteiiiporaiieouslg on 
the problem. The first actual soundings were macle 
about 1929. 

The principle of Bureau's npparatus is shown in figure 
4.  C-I is a cylinder formed partly of c.onducting riiat8erial 
(C? and partly of insulating material (I), nnd rotmated by 

TO OSC. 
PL.4TE 

FIGURE 4 -Bureau radiometeorograph principle. 

clockwork. Af is an eccentric cani, rotated at  a iiiucli 
faster rate thnn C-I. A is an nrm indicating temperature, 
pressure, etc., by the vertical position of its contact point 
P. When P is over the conducting portion of the cylinder, 
dots are transmitted as the cani dl ninkes and breaks 
contact. When the point P is over the insulating portion 
of the cylinder, no dots are transmitted. The nuniber of 
dots in a series therefore indicntes the vertical position of 
P ,  and hence the temperature, pressure, etc. The system 
is not limited to the indication of one nieteorological ele- 
ment ; temperature, pressure, etc., arms can be connected 
into the circuit in turn by switching cnnis. For tempern- 
ture soundings this device gave an accuracy of f0.7O 
between +20" and -60' C. 

Figure 5 shows the principle used by Duckert for con- 
tinuous indication of temperature. The biinetdlic strip 
T,  by means of the lever connection A, varies the capacity 
of the condenser C in the oscillating circuit, which in turn 

varies tlie emitted frequency. A similar principle was 
used by Blair in t,he Uni3ed States. 

For pressure indication Duchrt ,  used t'he simple sliding- 
contactor scheme shown in figure 6. The pressure tube 
T, acting through suitable levers, cnuses the contact arm 
d to slide along the segment S, touching the contact,s c in 
turn. Dashes are therefore transmitted, corresponding 
t,o definite steps of pressure change perhaps 50 t.o 100 nib 
apart. 

Duckert used wave lengt,lis betwe.en 30 and 60 meters. 
Tlie scc,urncy of his npparstus was f 0.2' for tcmpern.tme 
nml f 1.5 iiiilliineters for pressure. In  n.dtlit8ion t.0 the 
more pr:ic.t,icable temperature-va.riec1 c.oncle.iiser system, 
lie. clcvised a systeiii of continuous-teiiipernture iiiclicat'ion 
based on tdie fact t ' h t  :in oscill:it<ing c.rystnl cliniige,~ its 

FIGURE J.-Duckert temperoture-indirating principle. 

frequency with temperature. In  addition, he developed 
light-weight t,ransmit8t,ers and improved methods of 
tliermal insulation, such as enclosing the entire trans- 
mitter in a glass vacuum bulb. Duckert's late,st radio- 
meteorograph is manufactured coriimercially by the 
Telefunken Co. in Gerninny. 

hfoltchanoff proposed, in l i s  1925 paper, n telemeteoro- 
grnphic principle similar to that of Olland. His first 
worliing model, however, used for pressure indic.atioii t,lie 
system shown in figure 6 ;  nnd for tempernture indication 
an extension of this system involving multiple cnins 
which transmitted 1, 2, 3, and 4 dots in turn. 

In a later meteorograph, now manufactured conimer- 
cially by Askaniawerke in Germany, Moltchanoff devel- 
oped the principle of Olland into the form shown in figure 
7. This device keys tlie transnitter in such a wny thnt 
the tinie intervnls between dots nnd dashes, wliic,h citn 
be autoniaticdly recorded, give indication of pressure, 
temperature, and relative humidity in turn. In  figure 
7 , p ,  .t, and j nre concentrically pivoted and move radially, 
witlun the limits of their respective scales, in response t,o 
pressure, temperature, nnd humidity. Separating tlie p ,  
t ,  nnd j scnles are the &xed contacbs c1 and c2 and the 
synchronizing contact S. p ,  t ,  j, cl, c2, and S are all 
electrically connected to the oscillator plate. Coiicen- 
trically pivoted with p ,  t ,  nndf, but insulated from them, 
is the contact nrin C, rotated by clockwork a t  about two 
revolutions per minute and electiically c,onnected to B + . 
In the c o m e  of C's revolution, the platinum wire W 
contacts p ,  cq, j, S, t ,  and cI in turn, trnnsniitting z1, dot 
for each contact escept S, which results in a dash. The 
time interval between a fixed contact such as c1 and a 
movable contact such as p indicates the pressure, etc., 
being encountered by the device a t  the tinie. The entire 
rndionieteorograph, which operates on wnve lengths 
between 35 and 100 meters, we.ighs 1.4 kilograms. Recep- 
tion and evaluntion are best accomplished by a, stnndnrd 
facsimile receiver, whose recording cylinder is synchron- 
ized with the contact arm C. Curves having time (alti- 
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tude) as abcissa and p ,  t, and f as ordinates me thus 
directly recorded as the sounding is made. 

About 1932 Vaisala (12), in the course of radiometeoro- 
graph research, devised some notably light batteries of 
lead-acid type. His 4-volt, 15-ampere-minute A bat- 
tery weighed 38 grams; and his 73-volt, 1-ampere-minute 
B battery weighed 72 grams. 

For additional details of radiome.teorograph develop- 
ment, the reader is referred to the historical pa.per by 
Duckert (8). 

POSSIBILITIES OF IMPROVEMENT I N  RADIOMETEORO- 
GRAPHY 

Direction. of future deoe1opment.-Present models of hhe 
radionieteorograph give satisfactory performance. FU- 

FIGURE 6.-Duckert-hloltchanoff pressure-indicating principle. 

ture development will probably be directed chiefly 
toward lightness, simplicity and low cost. For rndio- 
meteorographs operating up to 6 kilometers altitude, the 
following weights are desirable upper limits: Batteries 
and other power supply, 150 grams; transmitter (in- 
cluding thermal insulation and antenna), 100 grams ; 
meteorograph and clockwork, 150 grams ; balloon, 150 
gmms; total weight, 550 grams. For radiometeorographs 
operating up to 30 kilometers: Batteries, etc., 250 grams; 
transmitter, etc., 150 grams; meteorograph, etc., 150 
grams; balloon, 250 grams; total weight SO0 grams. 
Simplicity is to be gained by standardizing the best and 
simplest telemeteorograph system available, and by 
using the simplest radio transmitter circuit that will 
give adequate performance (output and frequency 
stability). Low cost can be obtained partly through 
this simplification, and partly through manufacture of 
standardized units in fairly large quantities. A desir- 
able upper limit of cost is $25 (exceeded a t  present) 
which would enable the radioniete,orograph to compete 
economically with the sounding airplane, even assuming 
the loss of the balloon. 

Possible mdhods of p ,  t, etc. ind,ication.-The possible 
ways in which meteorological changes can be translated 
int.0 intelligible radio indications are four in number, as 
follows: 

(u) By varying the intensity of the transmitted signal. Unsat,- 
isfactory, as the signal int.ensity at the receiver is also subject to  
undesired and uncontrolled variation. 

( b )  By varying carrier frequency (bimet.allic st.ri forming or 
mechanically coupled t o  one plate of a condenser in tyie oscillat,ing 
circuit, etc.). This system is used and advocated by Duckert, 
who stresses the advantage of continuous temperature indication. 
At fairly uniform rates of ascent, however, a smooth temperature 
curve can easily be plotted from points intermittently recorded. 
Moreover, where the carrier frequency itself indicates the meteoro- 

logical element, inordinate precautions are necessary to  avoid slight 
undesired frequency changes t h a t  would otherwise be negligible. 

(c) By niodulating the carrier frequency and varying the modu- 
lation frequency. Believed to  be too uncertain, and too cumber- 
seine from the viewpoint of neight and cost. 

( d )  By interrupting, or keying, a signal of reasonably constant 
amplitude and frequency, which may be either continuous wave- 
or tone-modulated. This system, as exemplified in the Bureau and 
Moltchanoff devices, is believed by the present writer, in view of 
the known characteristics of radio apparatus and radio transmission, 
to  be mobt worthy of future development. 

Improrement of indicating meteorographs.--In the opin- 
ion of the present writer, the telenieteorograph as invented 
in 1575 by Olland and adapted to radio sounding-balloons 
more recently by Moltchanof?', has not been surpassed in 
simplicity and completeness of working principle by nny 
litter development. It is light, relatively simple, iind per- 
mits the direct recording of pmctically continuous p ,  t, 
a n d f  curves against time or altitude. It is possible t h n t  
some better telemeteorographic principle will be invented. 
But as  the Olland principle is now amply s:itisfactory, it 
would nppear more profitable to concentrnte immediate 
research in rndionieteorography on other subfields such 
as radio technic. 

Radio improve~nents, general.-In this field niucli prog- 
ress in the direction of lightness, simplicity, and low cost 
remains to be macle. Conventional radio apparatus, as 
so fnr applied to radiometeorography, can be considerably 
improved. It appears to the present writer thnt the most 
favornble short waves (5 to 20 meters) have not been used. 
hloreover, the field of ultra-short waves (1 to 5 meters) 
and micro-waves (<1 meter) has not even been touched. 

I E.+ losc. PLATE 

FIGURE 7.-Olland telemeteorograph principle. 

Power supply improaements.-Smnll lead-acid batkeries 
of A and B types, as developed by Vaisalii, are probably 
near the ultimate in light-weight design. Dry-cell bat- 
teries are more convenient to use, and would probably 
give satisfactory electrical capacity in relation to weight. 
Dry cells which have been stored for any length of time, 
however, are in uncertain condition, whereas lend-acid 
batteries can be Wed and charged before use. Also, the 
constant-voltage characteristic of the lead-acid A battery 
is particularly suitable for electronic filament operation. 
As a substitute for the B battery, t,he buzzer-transformer 
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is worthy of careful consideration, particularly as it pro- 
duces a relatively broad, tone-modulated signal which is 
easily received. Its performance, however, depends on 
the adjustment of its vibrating contact, which may clmige 
considerably in response to large temperature changes. 
Enclosure of the contact or the entire device in a glass 
vacuum bulb, which might also enclose the entire trans- 
mitter, would be worth considering. 

Improz7ements i n  ordinary shortgua tie technique . 
(X>5 meters).-In contrast to the 20 to 150 meters 
spectrum so far used in radiometeorography, wave 
lengths below 15 meters have three advantages: ( ( 1 )  
EfTective transmitting antennas are smaller and lighter; 
( b )  oscillator circuit arrangements are smaller, lighter, 
and often simpler; (c) the 5 to 15 meters region is removed 
from the high-power interference which blankets the 
long-range wave lengths above 15 meters. 

Receicers.-Receivers for 5 to 15 meters are of con- 
ventional design, somewhat refined, and can easily be 
combined with recording devices. Moreover, it is pos- 
sible to use loop aerials for tracking radio pilot-balloons 
a t  wave lengths down to 5 meters. Whether these shorter 
waves would suffer greater direc tional vagaries than 
longer waves, would have to be determined by experiment. 

Tm 12 s m  itfers .-Before optimum transmitter design in 
radiometeorography is reached, one important question 
must be ansu ered: Is crystal frequency stabilization 
necessary, or desirable? The crystal does insure better 
frequency stability. But it also entails slightly greater 
weight nncl complexity, and considerably greater cost. 
Using tone-niodulnted waves, as produced by buzzer- 
transformer plate supply, self-stabilized circuits will cer- 
tainly suffice, and with correct circuit design and ade- 
quate thermal insulation, they may suffice for continuous 
waves. The tuned plate-tuned grid circuit, or the 
simpler tuned-plate varintion of it shown in figure 8, is 
inherently more stable than the ordinary Hartley circuits 
so far used in radiometeorography. With suitable 
thermal insulation, it might give frequency stability ade- 
quate for all practical purposes. In addition, simple and 
cheap methods of frequency stabilization, such as the 
resistance-stabilized oscillator of Kusunose and Ishikaw a 
(13), are available. 

dnteiinas.--So far most investigators have used a half- 
wave dipole antenna, the upper end being tied to the 
balloon, the transmitter being connected in the middle 
(current feed), and the lower end hanging free. A niore 
stable arrangement, from the viewpoint of swinging, etc., 
in shifting air currents, might be hanging the transmitter 
(perhaps equipped with damping vanes of light paste- 
board) at  the lower end of the half-wave dipole, uhich 
in this case would be voltage-fed. 

Use of ziltra-short waces and micro-uwres. (X<5 
meters) .-This entire field, entirely unexplored so far as 
nieteorography is concerned, shows considerable promise 
in certain directions. According to Beverage, Peterson, 
and Hansel1 (14) wave propagation in this region is in 
general optical with considerable diffraction a t  the higher 
wave lengths, becoming strictly optical a t  about A 1 
meter. In  balloon radiometeorography this optical char- 
acteristic is no disadvantage, as there will always be a 
direct air path between a normally rising balloon and a 
properly located ground station. 

ReceiL1er.s.-Receivers for this wave-length region :ire 
higldy specialized, being mostly of superregenera tive 
and superheterodyne types. They can easily be adapted 
to rudiometeorographic indication and recording. For 
radio tracking of pilot-balloons, several possibilities ap- 
pear. The half-wave dipole, giving a minimum s i p a l  

when the transmitter is on a line with it, is compact and 
ertsily niovable a t  wave lengths below 10 meters. An- 
tenna array or “beam” systems, as developed by Tttgi 
(15) and others, become reasonably small and wieldy a t  
about X I  to 2 meters, and have distinct direction-finding 
possibilities. Finally, in the micro-wave region below 
X0.2 meter, solid reflectors (and even lenses) of optical 
type are feasible, offering some interesting possibilities in 
three-dimensional direction finding. 

Tr.ansmiffer.s.--In the ultra-short wave and micro- 
wave regions several types of transmitters, ns summarized 
elsewhere by the present writer (16), are available, 
though probably not all suited to radioriieteorography. 
The magnetron oscillator, which reaches very short wave 
lengths, is definitely too heavy. The Barkhausen-Kurz 
oscillator circiiit,, also capable of producing micro-waves, 
requires relatively high grid and plate voltages; whether 
the requisite power supply could be made light enough is 
questionable. Regenerative oscillators, which operate a t  
low plate voltage, are limited to wave lengths above 
2 meters when ordinary electronic tubes are used. 

Very small electronic tubes have recently been devel- 
oped by Thompson and Rose (17). These tubes enable 
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the regenerative oscillator to reach wave lengths less than 
1 meter and may permit other circuit developments of 
importance in radiometeorography. 

FIGURE Il.-Tuned-plate oscillator circuit. 

PROBABLE FUTURE USEFULNESS O F  RADIO BALLOONS 

Clctss<fication of types.-Radio balloons will naturally 
be grouped into two types, pilot-balloons and sounding- 
balloons, as they are used ( a )  to determine upper-air 
motion or ( b )  to determine upper-air characteristics. 
In addition, the writer envisions pilot-balloons and sound- 
inc-bnlloons of two general classes: (1) low-altitude (up 
to G kilometers) and (2) high a1tit)ude (up to 30 Ido-  
meters). These fwo classes may be exactly similar in 
principle, but must difTer in certain details such as power 
of radio equipment, thermal insulation, scale of meteoro- 
gr:~ phic instruments, e tc. 

Rctdio pilot-balloons.-Any radio sounding-balloon can, 
of course, serve simultaneously as an ordinary pilot- 
balloon in clear weather; or as a radio pilot-balloon in poor 
visibility, provided tha t adequn te direction-finding re- 
ceivers are tivailable on the ground. It is possible that, 
due to ware-transmission characteristics, radio pilot- 
balloons will develop dong separate lines, using a fre- 
quency spectrum widely different from that suited to 
rndio sounding. It is also possible, however, that the 
slime frequency range may serve for both sounding and 
tracking; in which case one might envision a coni1;inccl 
radiomet eorographic instrument of either low-altitude or 
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high-altitude type, which could be used complete for 
sounding uith or uithout tracking, or used for traclring 
only without its detachable meteorographic unit. In  any 
case, i t  is clear that for upper-wind determination in poor 
visibility the radio pilot-balloon has no practical coni- 
petitors, and its use is dearly indicated under these 
6ondit)ions. 

Radio sou,ndi71q-baZloon.s.-Subdi~rided into probable 
low-altitude and high-altitude classes. 

Low-altitzrde class (up to 6 kilomettrs) .-This class 
competes uith airplane sounding, which is already 
satisfactory, getting the data back with certainty for 
evaluation 1 or 2 hours nfter they are taken. In  weather 
dangerous to flying, which is often the form of weather 
most deserving of investigation by sounclings, the rndio 
balloon is markedly superior to the airplane, and its use 
is indicated el-eii a t  present cost levels. E\ren in fair 
weather, the radio balloon gets the data back more quickly 
than the airplane, and iiiay, with standardization and 
niass production, prore superior from a cost, viewpoint, 
particularly in settled regions where the percentage of 
returned balloons is reasonably high. 

High-altitude class ( u p  to SO kilometers).-This class 
competes with the ordinary sounding balloon, and should 
practically supplant the latter in most investigations. 
The radio development is incomparably quicker, the data 
being evaluated as they are taken rather than days or 
weeks later. hIoreover, the radio balloon is far more 
certain, particularly in sparsely set tlecl regions where tho 
balloon may never be recovered. The balloon radio 
installntion need add but very little to the total high- 
a1 titude sounding-bnlloon cost, and the ground radio 
installation should be more than justified by vastly 
superior results, particularly where niany soundings are 
made from a single fixed or iiiohile station. 

Need for standardization .-All radionieteoro,oritpliic 
possibilities should be explored, a s  rapidly as possible, in 
order to determine: (a) optiniuni frequency (wave length) 
rnnges for various types of radioiiieteorogrnphs; (6) 
optiniuni apparatus design for most efficient use of these 
frequencies. Considering past nnd present trends in the 
derelopnient of both meteorographic and radio technique, 
it seems probable that such optimum design, once reached 
in the present state of the art, will remain reasonably 
efficient €or some years. This will perniit the standardiza- 

tion and large-scale production which alone can make the 
full benefits of radionieteorography available to niodern 
meteorology . 

REFERENCES TO LITERATURE CITED 
A. M. Snellen--" Le t6lCmetCorograph d'0lland"-Archives 

Neerlandaises, V 14, 1879; 
B. 31. Snellen-Telemeteorogmphie-Meteorologische Zeit- 

schrift, V 13, 1896, p. 365. 
1. P. Idrac and R. Bureau-"ExpBriences sur la propagation 

des ondes radiot616graphiques en altitude "-Comptes Rendues, 
V 184, March 1927, p. 691. 

2. P. MoltchanoE--"Zur technik der erforschung der atmo- 
splilire"-Beitriige ziir Physik der freien Atmosphare, V 14, n 1-2, 
1938, p. 45. 
3. R. Buresu-"Pondsges de pression e t  de temperatme par 

radiotCl6grapliie"-Compt. Rend., V 188, June 1929, P. 1565. 
4. P. Duckert-lei Rapport de In Comm. Int. de 1'AnnBe 

Polaire 1932-33, Leydn 1930. 
5. P. Moltcharioff-"Erforschung der hoheren atniospharen- 

schichten niit hilfe eines radio1iieteorographen"-Leningrad 1930. 
6. W. R. Blair and H. M. Lewis-"Radio tracking of nieteoro- 

logics1 hslloons "-Proceedings of the Institute of Ra&o Engineers, 
V 19, n 9, 1931, p. 1531. 

7. P. Moltchanoff-" Die niethode der radiosonde und ein 
vcrsuch ihrer anwendung h i  der erforschunq der hoheren atnio- 
splisreoscl~ichteii in den polarregionen"--Gerlnnds BeitrLge zur 
Geophysik, V 34, II 3, 1931, p. 36. 

8. P. Duckert-" Die entwicblung der telenieteorographie iind 
ihrer iiistruiueiitsrien"-Beit. z. Phys. d. fr. Atni., V 18, 11 1, 1931, 

9. P. Duckert and B. Thieme-" Neue radioineteorographische 
niethoden"-Beit. z. Phys. d. fr. Atni., V 18, n 1, 1931, p. 50. 

10. J. F. H.--" The modern radio-meteorograph "-Nature, V 
130, December 31, 1932, p. 1006. 

11. P. Dnckert--" Dss radinsoiidenmode11 telefunken und seine 
rtii~~eiidung"-Beit. z. Phys. d. fr. Atni., V 20, n 4, 1933, 11. 303. 

12. V. Vnil;aln-"Bestrehungeii rind vorsclilsge ziir entwicklung 
der radiometeorogrnpliischen mathoden"-Societas Scirritiarum 
Fennica (Helsingfors), Commentationes Pliysico-Rltttlicm:tticae, V 
6, n 2, 1932. 

13. Y. Krisunose anti S. Ishiknwn-"Freclitenr~ stsbiliaation of 
radio traiir;mitters"--Ploc. I. R. E., V 20, n 2, 1932, p. 310. 

14. H. H. Bevrraqe, H. 0. Peterbon nild C. W. Ranfiell--'LAp- 
plication of frequencies above 30,000 kilocycles to  communications 

15. H. Yagi-[' Beam transmission of ultra-short waves "-Proc. 
I. R. E., v 16, n 6, 1928, p. 715. 

16. W. H. Wenstroni-['Historical review of ultra-short-wave 
progress"-Proc. I. R. E., V 20, n 1, 1932, p. 95. 

17. B. d.  Thompson and G. M. Rose, Jr.-"Vacuiuii tubes of 
-.niall diinensions for use at estremely high frcquencies "-Proc. 
I. R. E., V 21, n 12, 1933, p. 1707. 

p. 68. 

~Jrohle~nS"-Proc. I. R. E., V 19, 11 8, 1931, p. 1313. 


